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E.P.  Szuazczewicz  and  J.  C.  Holmes 
Naval  Research  Laboratory 
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I. INTRODUCTION 


On  21  and  23  September  1976,  two  Nike-Tomahawk  payloads 
were  launched  from  Poker  Flat  Research  Range  (Alaska)  to 
study  tl'e  effects  of  energetic  particle  precipitation  on 
the  ionosphere  and  the  coupling  of  particle  energy  to  lower 
altitudes  through  X-ray  bremsstrahlung  radiation. 

The  payloads  NASA  18.178  and  18.179,  illustrated  in 
Figure  1,  were  instrumented  with  Geiger-Mueller  tubes, 
shielded  scintillation  detectors,  and  pulsed  plasma  probes 
to  determine  the  incident  electron  energy  distribution, 
the  incident  and  excited  X-ray  radiation,  and  the  zeroth 
order  plasma  condition  and  state  of  instability. 

These  Nike-Tomahawk  launches  were  part  of  a coordinated 
operation  involving  pre-  and  post-flight  soundings  by 
other  rockets  of  stratospheric  and  mesospheric  ozone  and 
conductivity.  The  launches  were  also  coordinated  with 
Chatanika  radar,  all-sky  camera  and  ground-based  photo- 
metric observations,  and  with  experiments  aboard  strato- 
spheric balloons  near  40  km.  The  ground-based  and  balloon- 
borne  observations  permitted  continuous  monitoring  of 
background  cosmic  ray  radiation,  energetic  X-ray,  and  over- 
all auroral  development  and  morphology  during  the  entire 
launch  sequence. 

The  timing  of  the  launches  also  provided  opportunities 
for  some  correlative  measurements  between  directly  observed 
ionospheric  irregularities  and  scintillation  spectrum  as 
measured  on  Wideband  Satellite  during  passes  of  convenience. 

This  report  will  focus  on  the  NRL  contribution  to  the 
overall  program,  the  direct  measurement  of  the  ionospheric 
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plasma  state  as  determined  by  two  on-board  pulsed-plasma- 
probes  (P3 ) . To  facilitate  and  expedite  experimenter 
interaction  and  provide  preliminary  data  upon  which 
particular  regions  of  interest  in  space  and  time  can  be 
identified,  we  present  in  this  report  our  quick- look 
results  on  relative  electron  density  profiles.  Final 
analyses  will  completely  determine  the  absolute  electron 
density,  temperature,  and  density  fluctuation  power 
spectrum  over  the  entire  trajectory. 


THE  NRL  PULSED  PLASMA  PROBE 


EXPERIMENT 


Since  the  P3  technique  has  been  described  in  detail 
elsewhere  (1-4) , only  a brief  account  will  be  given  here 
in  order  to  facilitate  an  understanding  of  the  data. 


Each  of  the  two  probes  shown  in  Figure  1 has 
simultaneously  applied  to  it  a voltage  function  like 
that  illustrated  in  Fig.  2.  (An  expanded  view  of  the 
pulses  and  current  sampling  intervals  are  shown  in  Fig.  3.) 
The  types  of  probe  operation  cover  conventional  Langmuir 
probe  diagnostics  (the  continuous  sawtooth  function  in 
Fig.  2A)  and  pulsed-probe  diagnostics  (pulse-modulated 
sawtooth  function  in  Fig.  2B),  with  the  latter  having 
greater  intrinsic  capabilities  for  plasma  studies  than 
the  former  (1-4) . The  electronics  automatically  generate 
a continuing  chain  of  sweeps  comprising  2 continuous 
mode  sweeps  followed  by  eight  pulse-mode  sweeps.  (The 
continuous  sweeps  are  only  included  to  study  the  hysteresis 
effects  which  can  distort  the  conventional  Langmuir 
procedure. ) 


The  currents  sampled  on  the  sawtooth  envelope 
are  used  to  generate  the  conventional  current-voltage 
characteristics  from  which  absolute  electron  density  and 
temperature  are  determined  (5).  The  interpulse  sampling 
of  currents  («Ib)  at  the  fixed  baseline  voltage  Vb  tracks 
density  variations  which  may  occur  during  the  sweep  time 
Tg,  and  provides  the  data  for  determination  of  electron 
density  fluctuation  power  spectra.  The  Ig  values  provide 
high  resolution  measurements  (~1  msec)  of  6Ng  capable  of 
detecting  density  variations  smaller  than  0.5%. 


The  sweep  parameters  and  sampling  rates  as  defined 
in  Figs.  2 and  3 for  the  two  Nike-Tomahawk  flights  were: 
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III.  PRELIMINARY  FINDINGS 


A synopsis  of  launch  information  and  Wideband 
ephemerides  are  presented  in  Tables  I and  IV,  with 
flat-earth  trajectory  data  (preliminary)  for  the  Kike- 
Tomahawk  rockets  appearing  in  Tables  II  and  III.  (The 
nearest  space-time  correlation  between  the  rocket  launches 
and  Wideband  passes  occurred  during  the  NASA  18.179 
flight.) 

NASA  18.178  was  launched  during  a moderate  precipi- 
tation event  to  obtain  control  data  for  NASA  18.179  (and 
NASA  18.180  which  did  not  carry  the  P3  experiment). 

NASA  18.179  was  launched  under  more  energetic  auroral 
conditions. 

Each  of  the  rockets  had  low-altitude,  long  range 
trajectories  to  permit  extended  monitoring  of  particle 
precipitation  patterns  and  sensing  of  X-ray  bremsstrahlung 
radiating  upward  from  lower  altitude  source  regions. 

The  electron  density  profiles  determined  by  F3  for 
both  launches  are  plotted  against  space  and  time  coordi- 
nates in  Figs.  4-7.  The  plots  are  of  baseline  current, 

IB,  which  can  be  scaled  to  electron  density  as  indicated 
by  the  values  shown  at  the  E-region  peaks  in  Figs.  5 and 
7.  Until  temperatures  and  plasma  potentials  are 
determined  over  the  entire  trajectory,  the  scaling  of  I3 
values  to  electron  density  must  be  considered  to  be 
accurate  only  within  a factor  of  2. 

The  values  of  IB  for  each  of  the  two  probes  on  both 
payloads  were  hand-read  from  an  analog  flight  record, 
with  4 he  values  from  probe  #1  and  probe  #2  being  read 
simultaneously  at  their  same  respective  positions  in  the 
payload  spin  period.  The  time  grid  selected  for  this 
preliminary  analysis  presents  the  profiles  on  a macro- 
scale. Final  analysis  will  show  spatial  resolutions 
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better  than  1 meters  on  the  higher  altitude  portions  of 
the  flight. 

The  difference  in  Ig-values  between  .probes  #1  and 
#2  is  prJwarily  a result  of  different  probe  areas, 
intentionally  selected  to  accommodate  plasma  current 
sampling  on  different  electrometer  ranges  with  different 
geometric  factors.  The  relative  tracking  of  the  profiles 
-.Cor  both  probes  establishes  credibility  in  the  relative 
variations  and  provides  confidence  that  the  relative 
measurements  were  not  perturbed  by  wake  effects. 

IV.  COMMENTS 

Upon  receipt  of  digital  flight  tapes,  the  reduction 
and  analysis  of  P3  data  will  be  conducted  on  a PDP11/10 
system  allowing  for  more  accurate  and  detailed 
presentation  of  the  density  profiles  and  determinations 
of  temperature  and  power  spectra.  These  calculations 
will  be  carried  out  by  a library  of  computer  programs 
originally  developed  for  the  CDC#3100  and  presently 
being  converted  for  the  new  computer  system.  Overall 
program  priorities  will  identify  regions  of  particular 
interest.  For  example,  the  time  interval  between  39  Min 
and  41  Min  (UT)  during  the  flight  of  NASA  18.179  appeared 
in  the  analog  record  to  be  ideally  suited  for  electron 
temperature  comparisons  with  Chatanika  radar.  Attention 
will  also  be  concentrated  on  the  high  frequency  irregu- 
larities indicated  on  the  records  (but  not  shown  in  the 
Figures)  below  110  km,  with  the  irregularity  density 
appearing  greater  on  NASA  18.178.  In  these  regions, 
density  fluctuation  power  spectra  will  be  calculated  for 
comparison  with  candidate  plasma  instability  mechanisms 
and  scintillation  power  spectra  observed  on  the  nearest 
time-correlated  passes  of  Wideband. 
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Fig.  4 — Time-dependent  presentation  of  electron  density  variations  as  measured 
by  P3  baseline  current  IB  sampling  on  NASA  18.178 
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Fig.  5 — Altitude  profiles  of  relative  electron  density  as  measured 
by  P3  baseline  current  IB  sampling  on  NASA  18.178 
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Fig.  7 — Altitude  profiles  of  relative  electron  density  as  measured 
by  P3  baseline  current  IB  sampling  on  NASA  18.179 


